Abstract -This paper presents a robust H2 controller design approach to the yaw control of a small-scale helicopter mounted on an experimental platform. The yaw dynamic system is linearized into a linear system, which is modelled by an affine uncertainty model. A new robust H2 feedback controller with adaptive mechanisms is proposed for the linear system. The feedback gains are obtained by the solutions of a series of linear matrix inequalities (LMIs). The design approach reduces conservatism inherent in robust control with a fixed gain controller and improves performances in time-response. Numerical simulations illustrate the effectiveness of the proposed methods.
It is well known that rotorcraft-based unmanned aerial vehicles (RUAVs) have unique flight capabilities such as hover, vertical take-off/landing, pirouette, and side-slip, which cannot be achieved by conventional fixed-wing aircraft. Due to their versatility in maneuverability, helicopters are capable to fly in restricted areas and to hover efficiently for long periods of time. These characteristics make helicopters invaluable for terrain surveying, surveillance, localization of targets, tracking, map building and others [1] Helicopters are a difficult type of aircraft to control: generically they exhibit complex, nonlinear dynamic behaviours and are subject to a high degree of inter-axis coupling. In addition, helicopters are open-loop unstable and most mathematical models contain a moderate-high degree of uncertainty associated with neglected dynamics and poorly understood aeromechanical couplings. So, the helicopter control is an open problem.
The last decade has witnessed remarkable progress in RUAV research including modelling [2] and control [3] [4] [5] , which are based on an accurate and fixed model. However, the complicated dynamics of helicopter lead to both parametric and dynamic uncertainty. Robust control theory allows the design of control systems based on a simple low-order plant model with well-defined uncertainty bounds that account for model simplifications, non-linearity, and variations in operating conditions. Furthermore, approximate low-order plant models are more easily identified from flight test data and results in less complexity.
Recently, a considerable amount of work has been done to design robust controllers for linear system with parameter uncertainty. It is well accepted that H2 norm is a good measure for system performance. H2 performance is useful to handle stochastic aspects especially, such as measurement noise and random disturbance. However, the H2 control design [6] [7] [8] [9] is based on the assumption that the system is exactly modelled, which is impractical. This has motivated the study of robust control in the past twenty years. In recent times, linear matrix inequalities (LMI) techniques have come to be essential tools for the analysis and synthesis of control systems, and more specifically in the area of robust control [10-1 1] .
While a single controller with a fixed gain is considered, the resulting controllers designed by any method above inherently become conservative. On the other hand, adaptive control [12] theories have been greatly developed as controller design methodologies for system with uncertainties. The typical adaptive control scheme is the parameter adaptive control, in which unknown parameters are estimated explicitly, and control parameters are determined based on these estimates. However, even in the so-called "ideal case", a stable adaptive controller can't guarantee good transient response.
It is worthwhile considering incorporate some kind of adaptation mechanism with robust control methods. In this paper, we deal with the yaw control problem of a small-scale helicopter mounted on an experimental platform. The (5) where R, 0mr are respectively, radial and pitch angle of main (2) rotor. B. Simplified model (3) where p, atr, btr, Ctr, f2tr, 0w, rtr, vtrl Atrare respectively, density of air, slope of the lift curve, number of the rotor, chord of the blade, speed of the tail rotor, pitch angle, radial distance, induced speed of the tail rotor and area of the tail rotor disc.
Combing (2) with (3) From (1) we can see that there exist couplings between main rotor torque Q,r and tail rotor thrust Ttr. And (4) and (5) further demonstrate that the models are highly nonlinear and too complex to be used for control design. Instead of the dynamics described by (4) and (5) In this section, we propose the control method which is general for a linear time-invariant affine uncertainty model described by x(t) = A(0)x(t) + B(0)u(t) + B,,(0)w(O(t) (8) where e(t) = rd (t) -y(t), and with a known performance bound for the resulting closed-loop system which will be defined later.
It is well known that integral control can effectively eliminate the steady tracking error. In order to obtain a robust tracking controller with state feedback plus tracking error integral, we introduce the following augmented state-space description (t)= A(6)x-(t) + B(6)u(t) + Bc(6)cWa(t) (9) 
{ x(t) A(H)x(t) + B(U)K(U)X(t) + B(u)(a(t) (13) z(t) CY(t) + DK(H)x(t)
Furthermore, integrating the above-mentioned inequality from 0 to T on both sides, we obtain V(t) <£ T (t)C)a (t)dt (23) From condition (15), it follows -(CX + DY(6))T (CX + DY(6)) < X (24)
By pre-and post-multiplying inequality (24) by X ,the resulting inequality is 1 y2 (C+DK(6))T(C+DK(6)) <X1 (25) (C + Du) (C5 + Du) < y2xTpi Furthermore, (C + Du) (C +Du) < y2V(t), i.e. Hence, the so-called generalized H2-norm is bounded [9] , i.e.
IIT0l l g 2 -Remark 1: When z is a scalar signal, the generalized H2-norm reduces to the familiar H2-norm of T ,. On the other hand, if z is a vector-valued signal, this induced norm is no longer the standard H2-norm and it is known as the generalized H2-norm
The following is an algorithm to optimize the generalized H2 performance 'y.
Algorithm: 7yis minimized if the following optimization problem is solvable min 7 s.t. (14)and (15) where 7 = y2
Remark 2: In this paper, the yaw control problem of a smallscale helicopter is considered, which is described by a single input linear system. The regulated output z(t) here can be chosen as a scalar signal, then the generalized H2 norm reduces to familiar H2 norm. The effectiveness of the adaptive H2 controller is proposed in next section.
IV. SIMULATIONS
The proposed control method is verified by the simulation model obtained from the helicopter-on-arm platform, shown as Fig. 1 . A small-scale electrical helicopter is mounted at the end of a two-DOF arm, while the weight of the helicopter is perfectly balanced at the other side of the arm. First, the parameters of the nonlinear yaw dynamic model are identified by least square method, and followings are the result: ra 7 (27) kir + k26Otr + k36Ot7-+ k4Q Otr + k5s(P + (2 with, k, -1.3828, k2 = 63.0923, k3= 11.6514, k4= -0.1380 k5 = -3.3286, Q = 1200 , 717 and /72 are disturbances. Fig.2 demonstrates the fitness of identified model of (27) [9] .
To verify the robustness and response of our method, simulation results using the nonlinear model with our method are carried out and the results are given in Figs. 3. It takes 7 seconds for (p to track the desired value -35 degree in presence of the above-mentioned noise. The response curve of r is given in Fig.3b . It is easy to see that using our adaptive robust controller the closed-loop nonlinear system is stable and has zero tracking error even in presence of disturbance.
In order to show the superiority of the proposed method 
Summarizing these simulations, it is noted that the proposed adaptive robust H2 controller can improve the system performance in the presence of uncertainty and disturbance.
V. CONCLUSIONS
This paper deals with the problem of robust H2 feedback controller with adaptive mechanisms for the linearized yaw dynamic of a small-scaled helicopter using LMI method. A general controller design method has been proposed for a linear time-invariant system with affine uncertainty. Compared with a robust controller with fixed gain, the proposed adaptive controller has less conservatism and improves performances in time-response. Simulations of yaw dynamic model of small-scale helicopter are performed, and numerical results show the effectiveness of the proposed methods. 
